Abstract: This paper presents a three-phase three-wire shunt active filter based on intelligent controllers to compensate current harmonics. Shunt active filter is the best solution to eliminate harmonics drawn from nonlinear load especially for low power system, the most inverter used is the two-level voltage source. The control strategies adopted to determine the compensation currents are the synchronous reference frame (SRF) detection method and the synchronous current reference (SCR) detection method. To improve the performance of the conventional control scheme based on hysteresis controller and take advantages of intelligent techniques, fuzzy and ANN current controllers are proposed in this paper. To maintain the dc voltage capacitor constant and compensate the inverter losses a proportional integral voltage controller is used. The numerical simulation is developed and performed using MATLAB-Simulink and SimPowerSystemd Toolbox from complete structure including control and power circuits. The obtained results show the simplicity and the effectiveness of the two proposed intelligent current controllers.
Introduction
With the proliferation of nonlinear power electronics loads, the problem of harmonic is severity, which influences the power quality of power grid. Passive power filter is a traditional harmonic restraint method. The passive filtering is a simple way to eliminate the harmonic currents. However, it does not allow to completely eliminating all of them and has many drawbacks such as series or parallel resonance with the system impedance [1] . Active filter is used, these last years, to improve power quality on the load side from the grid current, by injecting compensating currents [2] . The performance of an active filter mainly depends on the reference current generation strategy, technique control, topology of the filter inverter, etc… Principally, the design of any SAF system pass through three essentials criteria: power inverter topology, current controller and strategy control. Instantaneous power theory [3] is widely used in different research work, this technique provide good results under different voltage source conditions but present some drawbacks such us a much calculations number, necessitate complex mathematical transformation and difficult implementation in practice [4] . Synchronous reference frame (SRF) detection method [5] and Synchronous current reference (SCR) detection method are two other interesting method; these methods are concise and requires less computational calculation. In this work, these techniques are adopted.
The controller is the main part of the active power filter operation and has been a subject of many researches in recent years. Multilevel pulse-width modulated (PWM) techniques have been proposed for high power or medium-voltage applications such as reactive power compensation and AC motor drives. The advantages of multilevel techniques are low voltage stress of power semiconductors, lower current or voltage harmonics, and less electromagnetic interference. To improve the APF performances there's a great tendency to use intelligent control techniques, particularly neural network and fuzzy controllers [6] , [7] . The advantages of these controllers are: robustness, no need to accurate mathematical model, can work with imprecise inputs and accept non-linearity.
In this paper, fuzzy logic and artificial neural network current controllers are proposed to control the three-phase three-wire shunt active filter with two different control strategies: synchronous reference frame detection algorithm (SRF) based on fuzzy controller and synchronous current reference (SCR) detection method based on ANN controller. The performances of shunt active filter based on these controllers are evaluated using MATLAB-Simulink and power system Block Set Toolbox under balanced voltage conditions. The obtained results show that the proposed shunt active filter based on these intelligent controllers produce a sinusoidal supply current with acceptable low harmonic distortion.
Shunt active filter
The basic block diagram including non linear load compensation principle of a shunt active power filter is shown in Figure 1 . It is controlled to draw/supply a compensated current from/to the utility, such that it cancels harmonic currents of the non-linear load and makes the source current in phase with the different waveforms. The current drawn from the power system at the coupling point of the shunt APF will result sinusoidal [8] , [9] . 
Control strategies A. Synchronous reference frame detection method
The first control strategy used in this work to compensate harmonic currents is based on the synchronous reference frame detection method. The principle of this method is described below [5] 
The DC quantities and all other harmonics are transformed to non DC quantities using a low pass filter: 
The reference currents in the ( abc ) frame is given by: 
B. Synchronous current detection method
The second control strategy is inspired of the synchronous detection reference currents method [10] . It is based on the measuring of the source voltages (V sa ,V sb ,V sc ) given by (8) :
The maximum amplitude of the current supplied by the filter The difference between the current references and the current drawn by the load can generate the three compensation current ( Figure 3 shows the principle scheme of the synchronous current reference detection method. The closed loop transfer function using a PI regulator is given by: 
A second order characteristic equation of the closed loop system is deduced: .
From (11) the proportional and integrator coefficient p K , i K of the controller can be deduced:
The expression of the current sc I to compensate the inverter losses and maintain the constant dc-link voltage is given by:
. .
To obtain optimal dynamic performance for the system, the value of the damping ration ξ must be equal a 0.707.
Artificial intelligent controllers A. Fuzzy logic current controller
The main component of an active filter is the current controller. Generally the classical hysteresis controller is used to generate pulses to the PWM inverter; it is very stable and generates a minimum noise. Recently, fuzzy logic controllers (FLCs) have been interest a good alternative in more application. The advantage of fuzzy systems are that they do not need an accurate mathematical model, they can work with imprecise inputs, can handle non-linearity, and they are more robust than conventional nonlinear controllers [12], [13] .
Fuzzy logic control is the evaluation of a set of simple linguistic rules to determine the control action. To develop the rules of the fuzzy logic, we need good understand of the process to be controlled, but it does not require a complicated mathematical model. The desired switching signals for the filter inverter circuit are determined according to the error in the filter current. In this case, the fuzzy logic current controller has two inputs, named error e and change of error de and one output named s. Here the error e and change of error de are the input variable for the system [18] . To convert it into linguistic variable, we use three fuzzy sets: N (Negative), ZE (Zero) and P (Positive). Figure 4 shows the membership functions used in fuzzification.
The fuzzy controller for every phase is characterized for the following:
Three fuzzy sets for each input, Five fuzzy sets for each output, Triangular and trapezoidal membership functions, Implication using the "min" operator, Mamdani fuzzy inference mechanism based on fuzzy implication. Defuzzification using the "centroid" method.
Figure. 4 Membership function for the inputs and output variables
The linguistic rules for the fuzzy current controller are as follows: The generation process of switching signals is given by Figure 5 . 
B. Artificial neural network current controller
Artificial Neural Networks have provided an alternative modeling approach for power system applications. The MLPN is one of the most popular topologies in use today. This network consists of a set of input neurons, output neurons and one or more hidden layers of intermediate neurons. Data flows into the network through the input layer, passes through the hidden layers and finally flows out of the network through the output layer. The network thus has a simple interpretation as a form of input-output model, with network weights as free parameters. The training cycle has two distinct paths [14-15-16], the first one is Forward propagation (it is the passing of inputs through the neural network structure to its output), the second one is the error back-propagation (it is the passing of the output error to the input in order to estimate the individual contribution of each weight in the network to the final output error). The weights are then modified so as to reduce the output error. To train the neural network current controller, the Quasi-Newton Levenberg-Marquardt Training algorithm is used, it is efficient, easy to implement and is not time consuming.
Computations of the algorithm proceed as follows: 1) Initialize the interconnection weights and the biases of the nodes randomly, 2) Calculate the hidden layer outputs as: 
Where 0 1 η < < is the learning constant, 0 1 α < < is the momentum constant and, ,
7) Adapt the weights of the hidden layer as: 
Where, ,
8) Repeat steps 1 to 7 until the error e is less than a prescribed small value ε .
To be able to produce the correct output data, the network was trained with an improved algorithm, during the learning process the error function was minimized with an increasing number of training epochs.
The input pattern of the current controller network is the error values ( , 
Simulation results and discussion
The purpose of the simulation is to show the effectiveness of the shunt active filter using intelligent controllers (fuzzy logic and ANN current controllers) to reducing the harmonic currents produced on the load side under ideal voltages conditions. The model parameters used for simulation are: Voltage source Vs=220V, Frequency Fs=50Hz, Resistor Rs=0.1mΩ, Inductance Ls=0.0002mH, Resistor Rch =48.6Ω, Inductance Lch=40mH, DC Voltage Udc-ref=700V, Capacitance Cdc=3000μF, Resistor Rc=0.27m Ω, Inductance Lc=0.8mH. 
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The line current and its spectrum after compensation using fuzzy logic controller are represented in Figure 10 and Figure 11 . Chennai Salim, et al.
389
The line current and its spectrum after compensation using artificial neural network current controller are represented in Figure 14 and Figure 15 . Figure. 15 Source current spectrum THD 1.49% using ANN controller By visualizing Figures 10 and 14 , we can conclude the successful operation of the proposed shunt active filter based on two the intelligent current controllers. Before the application of shunt active power filter, the source current is equal to non-linear load current; it is highly distorted and rich on harmonics. The SAF start the compensation process instantly when it is connected to the non-linear load. The system passes through transient period of 0.01s necessary to attain the steady state of the source current. The dc voltage is maintained constant and equal to the reference value Udc-ref=700V using PI voltage controller. The dc voltage presented in figure (13) pass through a transitional period of 0.04 s before stabilization and reaches its reference Udc-ref=700V with moderate peak voltage approximately equal to 8 V when a step change in load current is introduced between t1 = 0.25 s and t2 = 0.45 s. After compensation the THD is significantly reduced from 28.16% to 1.49% for ANN and to 2.28% for fuzzy controller. Figure 12 demonstrate that the current source after active filter application is sinusoidal and in phase with the voltage source. The performance of the proposed shunt active filter based on ANN controller in terms of harmonics elimination and reactive power compensation is better than FLC current controller. The THD values obtained with the two controllers respect widely the IEEE standards Norms (THD ≤5%).
Conclusion
In this paper, a three-phase three-wire shunt active filter based on intelligent controllers using two control strategies is proposed to compensate current harmonics. The first controller based on FLC use the synchronous reference frame detection strategy. The second controller based on ANNs use the synchronous current detection strategy. The dc-link voltage is regulated using a proportional integral voltage controller with fast dynamic response in case of load current variation. The Simulation results obtained show the robustness and the effectiveness of the two proposed intelligent controllers. After compensation the source current is balanced, sinusoidal and in phase with line voltage source. The harmonic spectrum shows that the THD is very acceptable and respect IEEE standard Norms.
